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of liquor being maintained and heated by brass tubes 
of three feet or over in length, the values of 

Q Ag = - are as follows: 
TA 

Single effect.. . . . . . . . . . . . . .14000-16000 B. t. u. per sq. ft .  per hour 
Double effect.. . . . . . . , . . . . 6000- 7500 B. t. u. per sq. f t .  per hour 
Triple effect.. . , . . . . . . . . , . 4000- 5200 B.  t .  u. per sq. ft .  per hour 
Quadruple effect., . . , . . . . . 3750- 4400 B. t .  u. per sq. f t .  per hour 

Where the depth is lower than usual these figures 
are I O  per cent. higher, wide horizontal tubes I O  

per cent. more, narrow, horizontal tubes 15 per 
cent. more, iron horizontal tubes 10-15 per cent. 
less, and for evaporators of the spraying or showering 
types, I O  per cent. more. 
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This article will be confined entirely to the metallo- 
graphic microscope, without touching upon its use 
in the immense fields of geology and botany, where 
the examination of rock sections and vegetable prod- 
ucts has a direct utility in engineering. Here, how- 
ever, the methods are somewhat different than in 
metallography, since transparent sections and trans- 
mitted light (often polarized light) are used. Also, 
it is not purposed to  dwell especially upon the technique 
of microscopic metallography. The methods em- 
ployed are presented in good form in several books 
and numerous articles devoted to  the subject. Again 
no detailed or elaborated discussion of any complex 
phase of the subject will be taken u p . ,  Rather, con- 
crete examples will be brought forward illustrating 
what metallography has done for us, with the hope 
that  the discussion will open suggestions of its possi- 
bilities in individual fields of endeavor. 

Metallography is but a step towards the rationaliz- 
ing of our study of metals and alloys. The earlier 
work in the study of these materials was naturally 
along the lines of their possible uses; i t  consisted of 
tests of these various properties and a classification 
according to their several fields of service. A vast 
accumulation of data of this kind led to  the adoption 
of a rather empirical correlation of composition and 
quality. Chemical analysis later came in to give us a 
more exact correlation by the elimination of one big 
uncertainty, the composition. But chemical analysis 
falls short of giving us sufficient information regarding 
our material. Substances owe their properties solely 
to  their make-up, or structure. Composition is but 
one of the determining factors ; chemical analysis 
therefore fixes but one of the variables. The relation 
of these chemical elements or the make-up of the 
material. is most vitally dependent on its history. 
Temperature and pressure conditions, or the proximity 
of disturbing influences, are of importance. In  steels, 
for example, we consider the effects of heat and me- 
chanical treatment; that is, for identical analyses, a 
steel annealed at 1200' C. would be weaker than one 
annealed a t  800' C. ; one quenched a t  800' C. would 
be harder than the same material slowly cooled from 

that  temperature, while cast material is weaker than 
that which has had subsequent rolling or forging. 

Structure or make-up is therefore the first step in 
the interpretation of the properties of materials. 
An essential in this determination is the composition ; 
chemical analysis is therefore a necessity, and it must 
be understood clearly that metallographic study is 
only an auxiliary to  the other methods of test. Two 
lines of attack are open: by the use of the pyrometer 
and by the use of the microscope. The latter was 
developed much the earlier, having its beginning in 
the work of Dr. Sorbly in England in 1864 and 
the later independent investigations of Martens in 
Germany in 1875. However, the real development 
has come about within the last ten years; this is due 
to  the rapid progress in physical chemistry, particu- 
larly in a better understanding of the theory of solu- 
tions. In  the earlier work i t  was possible to develop 
the structure of the material under examination, but 
the full measure of the value of the work was missed 
through the inability to interpret the developments ; 
again systematic research was handicapped by this 
lack of knowledge. To-day we have a rational inter- 
pretation of the results of solidification of molten 
mixtures and a consequent explanation, more or less 
developed, of the variations in the structure of alloys 
occasioned by changes of composition or treatment. 

It will be impossible in this paper to  dwell upon the 
use of the pyrometer in the study of the structure of 
alloys. Cooling curves obtained by its use undoubtedly 
furnish the most rational basis for the thepretical 
deductions of the results to  be expected on solidifica- 
tion of the melt. But outside of its very direct prac- 
tical bearing in certain instances, notably in the 
determination of the critical points of tool steels, the 
pyrometer may be said in general to be of more 
scientific interest. The microscope, on the other 
hand, has a more direct application in the industrial 
laboratory since with it one is able to  make an ex- 
amination of any desired material as i t  is used or as 
i t  exists, and to interpret from the structure, backed 
by experience, the condition of the material and its 
suitability for the purpose in view. 

Microscopic examination of metals and alloys is 
passing through the same cycle that the chemical 
analysis of iron and steel did some years ago. We 
have the enthusiast, who would claim for the micro- 
scope the power to usurp the functions of other testing 
methods; and the skeptic, who treats it as a toy and 
scoffs a t  any suggestion of utility outside of the labora- 
tory of the scientific investigator. The chief argu- 
ment of the latter is that the field of view of the 
microscope is only an extremely small part of a very 
small sample cut from a large mass of material and it 
can disclose, therefore, only local conditions. Such 
argument is hardly tenable; i t  would apply with equal 
force to the one-gram sample, the chemical analysis 
of which controls the 60-ton heat of a steel furnace; 
or t o  the purchase of a car-load of coal or a boat-load 
of ore on determinations of heating value, composi- 
tion, etc., made on equally small units; or to  our 
methods of design of structures from material whose 
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strength is taken as that of a small test sample. In 
fact, all testing methods are based on the principle 
of a fair average sample of the material under test. 

Osmond, the noted French worker, has aptly classed 
the divisions in the microscopic examination of metals 
and alloys as anatomical, biological, and pathological. 
Taking up the last division first, it is needless to point 
out that the microscope is useful in the detection of 
incipient cracks and flaws, slag or foreign inclusions, 
porosities, and the numerous other ills that metals 
are heir to. Fig. I illustrates this point; i t  is a section 
of a piece of wrought iron taken perpendicular to the 
direction of rolling, and shows a slag inclusion. I t  
needs no comment, as i t  must be very evident that 
slag particles so breaking the continuity of the metal 
will have a material effect on the physical properties. 

In  Fig. 2 is shown a section of a brass casting made 
in the course of an investigation for a manufacturer 
who was having trouble with his product. The 
brasses used were of a composition of‘ about 80 per 
cent. copper, 10-15 per cent. zinc and 5-10 per cent. 
lead, the last named being the very common addi- 
tion agent to brasses to facilitate machining. But 
brass will hold in solution after solidification only a 
very small percentage of lead, and any excess will 
therefore separate out in the free state. This is 
clearly indicated in the photomicrograph where the 
free lead is shown in its typical form of black globules. 
Its effect in machining becomes apparent, since i t  
will break into short chips the otherwise long curling 
ones of the high copper brasses. On the other hand, 
i t  must have equal influence in lowering the strength 
and ductility of the product; and it is surely not a 
desirable addition in brasses to be subjected to high 
temperatures, since the lead will soften or melt a t  
temperatures much below the fusion point of the body 
material. 

Figs. 3 and 4 illustrate a case where the utility of 
the microscope was rather indirect. Two brass 
manufacturing concerns A and B were putting on the 
market a standard article for which there was a large 
demand. But B’s proved stronger than A’s and 
analysis of B’s goods indicated the presence of I per 
cent. of iron in the brass. However, when A tried 
out the new composition it failed to  give the strength 
of B’s. Although the compositions are identical the 
structure differences are pronounced, as indicated in 
Fig. 3 (of A’s) and.Fig:4 (of B’s). The coarse structure 
of A’s, together with its marked dirtiness and porosity 
as compared with the other, led to further investiga- 
tion, with the final development that the I per cent. 
of iron in B’s product had little direct bearing on the 
strength, and was only that something which was 
inevitably left behind on the addition of ferroman- 
ganese to deoxidize the bath, the manganese being 
slagged off, and the brass casting left with a clear, 
fine-grained structure of great strength. 

The most work with the microscope has been done 
in the anatomical division, in the determination of the 
inner make-up of metals and alloys. Use is made of 
three facts so fundamental and so vital that they may 
be presented as axioms. 

( I )  Metals and alloys are crystalline. 
( 2 )  The structure is homogeneous or heterogeneous. 

Solubility relations govern. I t  is homogeneous in 
pure substances, in solid solutions, or in the metallic 
compounds, and heterogeneous if there is no solu- 
bility, or only partial solubility of the constituents 
after solidification. 

(3) The individual melting points of the constituents 
have no bearing on the order of their crystallization 
from the melt. The solubility relation of the con- 
stituents is again the governing factor. 

Fig. 5 is a photomicrograph of Swedish iron and 
shows the typical homogeneous structure and crystal- 
line habit of a pure metal. The irregular boundaries 
of the grains are not due to the crystal faces, but 
indicate rather that crystallization has proceeded from 
nuclei, or centers, with varying rates of speed, and 
that the limit of growth has been that due to inter- 
ference by an adjoining grain. Each grain is a crystal- 
line aggregate of definite crystal system and uniform 
orientation. 

The heterogeneous structure of certain alloys is 
illustrated in Figs. 6 ,  7 and 8 ,  the sections being a 
series of lead-antimony alloys of compositions respect- 
ively of 5 0  Sb, 50 Pb ;  13 Sb, 87 Pb;  and j Sb, 95 Pb. 
This series is of the type of alloys where the solubility 
is nil after solidification, with consequent complete 
separation of the constituents as shown, the white 
being the antimony and the black the lead. In this 
series, the antimony freezes a t  632’ C. and the lead 
at  326’ C. and we might expect, therefore, that the 
antimony would always crystallize out first in a 
matrix of still fluid lead. This is far from the facts, 
however, and we see in Fig. 6 the excess antimony 
crystallizing in a matrix of the eutectic of antimony 
and lead; in Fig. 8 the lead has solidified first in its 
typical form in the same matrix as before; while in 
Fig. 7 we have the eutectic, with its finely divided, 
intimate mixtures of lead and antimony, due to 
solidification together a t  a Constant temperature of 
2 2 8 ’  C. or about 100’ C. below the freezing point of 
the more fusible constituent. 

Advantage is taken of this selective crystallization 
in bearing metals. While suitable bearing metals 
had been made long before metallography came to our 
aid, i t  has pointed out the reasons for success in the 
use of certain mixtures, and the line of attack neces- 
sary in looking ‘for new ones. There are two chief 
desiderata for a bearing material: First, a low coeffi- 
cient of friction; this is lowest with the hard metals. 
Second, plasticity, in order that as unequal wear 
occurs the pressure of the shaft will squeeze the 
bearing into conformity and thus avoid local heating 
by distributing the load equally over the entire sur- 
face; this plasticity is obtained with soft materials. 
Two such opposite properties, hardness and softness, 
are manifestly not t o  be obtained by the use of any 
single homogeneous substance. But by taking ad- 
vantage of the selectiveness of freezing, we can obtain 
alloys in which we have a hard constituent bedded in a 
plastic matrix; the exact nature of the alloy will, of 
course, depend upon the character of service and the 



464 T H E  J O U R N A L  OF I N D U S T R I A L  A N D  ENGINEERING C H E M I S T R Y .  July, 191 I 

amount of unit stress on the bearing material. One 
of our common alloys, Magnolia metal, is of the lead- 
antimony series, carrying about 2 0  per cent. of anti- 
mony, and consisting therefore of antimony crystals 
bedded in a plastic eutectic of lead and antimony. 
I ts  microstructure would be intermediate between 
those shown in Figs. 6 and 7. 

In  Fig. 9 is shown the structure of a Babbitt metal 
of the copper-tin-antimony series, with two hard 
constituents, the cubes of SbSn and the needles of 
SnCu, bedded in the backing of copper. 

All of our bearing materials, including Babbitt 
metals, machinery brasses and bronzes, and cast iron, 
may be shown to fulfil the conditions laid down above. 

In  no field is greater use made of the properties re- 
sulting from selective freezing than in the ordinary 
carbon steels. Figs. 10-15 give the structures of 
several steels with carbon percentages of 0.10, 0.30, 
0.60, 0.93, 1.46, and 1.80. We note, as the per- 
centage of carbon increases, that the relative area of 
the black constituent, as compared to  the white, be- 
comes greater, until in Fig. 13, with 0.93 per cent. 
C., the entire field is occupied by the black constituent. 
Above this holding of carbon, the white areas increase 
in magnitude. * Structurally, these photomicrographs 
mean that our slowly cooled carbon steels are hetero- 
geneous, and composed of two constituents, iron 
(ferrite) and combined carbon (cementite). They 
are, therefore, made up of an excess substance, either 
ferrite or cementite, depending upon whether the total 
carbon is below or above 0.90 per cent., together with 
the eutectoid of the two constituents, and technically 
called the pearlite. 

In the greatest proportion of commerical steels, 
with a carbon content below 0.90 per cent., the 
structure is a heterogeneous mixture of ferrite and 
pearlite, with the pearlite containing all of the carbon 
in the form of Fe,C, the amount of the pearlite in- 
creasing as we approach the eutectoid proportion a t  
0.90 per cent. C. Three facts form the basis of selec- 
tion of steels of varying carbon percentages for different 
classes of service; namely, cementite or combined 
carbon (Fe,C) is hard, brittle, and of high strength; 
ferrite, or iron, is soft, ductile and relatively weak; 
and by shift of carbon composition we can manipulate 
the relative proportions of these constituents. 

In structural steels, with comparatively steady load, 
we require reasonable strength and elastic limit and 
high ductility and softness; micrographically, there- 
fore, we need much iron plus some combined carbon, 
or much ferrite plus some pearlite, which is obtained 
with a steel of about o.no’per cent. carbon. 

In  rails, on the other hand, the load is in the form of 
a shock, with heavy stresses for short intervals; the 
requirements are high strength and high elastic limit 
with reasonable ductility and hardness to  resist 
abrasion. Micrographically this means much com- 
bined carbon + some iron, or much pearlite + some 
ferrite. In  open-hearth rails, therefore, we can use 
steels with ‘carbon from 0.60-0.70 per cent.; but if, 
because of the irregularities occasioned in manu- 
facture, as in the Bessemer process, we cannot utilize 

to the full the properties of the pearlite, we cut the 
carbon to 0.50 or 0.60 per cent., and reduce the risk 
of breakage by obtaining higher ductility a t  the 
sacrifice of hardness and elasticity. 

In line with the above discussion, the microscope 
shows (Fig. 16) that white cast iron is in reality a 
very high-carbon steel, with an excess cementite 
occupying about half of the total field, because of the 
total carbon content of from 31/2-4 per cent. And 
we must expect this material to be very hard and 
brittle and exhibit the silvery fracture from which it 
derives its name, since the fracture is necessarily 
along the line of least resistance, or through the brittle 
cementite areas. 

Chemical analysis indicates that gray cast iron 
differs from the white cast iron not in the quantity 
of total carbon carried, but because in the gray iron 
this carbon is largely in the form of free graphite. 
A simple fracture test shows this, in that a break 
along the line of least resistance exposes the dark 
graphite cleavage; hence, the name gray iron. Micro- 
scopic examination confirms this, and the distribution 
of this graphite is shown in Fig. 17 in its typical form 
as flakes or sheets disseminated throughout the mass 
of metal. Is it any wonder that cast iron is brittle 
and weak in tension, when the effective area of the 
metal is so reduced by the weak plates of graphite? 
On the other hand, the very thinness of the flakes, 
while having a maximum effect in lowering the re- 
sistance to tensile stress, accounts for the high re- 
sistance of cast irons to direct compression. The 
plates are already so thin that their interposition in 
the body metal does not result in any further yielding 
to a direct compressive load. 

Except for its free graphite, gray cast iron is seen to  
be (Fig. IS) nothing more than a steel matrix of high, 
medium or low carbon, depending upon what pro- 
portion of the total carbon has been converted into 
free graphite because of slow cooling or the presence 
of silicon or analogous elements. 

The microscope is of service in indicating the physical 
changes taking place in the conversion of hard, brittle 
white cast iron into the relatively soft and ductile 
product which we know as malleable cast iron. Due 
to heat alone (the annealing) the combined carbon is 
decomposed to iron (ferrite) plus graphite. But since 
the temperature of annealing is well below that of 
fusion, the graphite is not free to assume its normal 
crystalline form (the flake or sheet) and is forced by 
the comparative rigidity of the metal to assume that  
shape which will enclose the greatest volume with the 
minimum of surface. We find the body of the malle- 
able casting to be composed of globules of amorphous 
carbon bedded in a matrix of iron (Fig. 19). Also, 
in the usual practice of annealing in mill scale, or its 
equivalent, the surface layer is decarbonized, to an 
amount and to  a depth depending upon the time, 
temperature and oxidizing conditions, and appears 
in the photomicrograph in the typical structure of a 
carbon-steel. Thus the malleable casting consists of 
a steel shell of great strength, together with a center 
of iron in which is embedded graphite in such form as 
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to  minimize the detrimental effect such as accom- 
panies its crystallization in the normal form appearing 
in gray cast iron. 

In  Fig. 2 0  is shown a photograph to  illustrate the 
utility of the microscope in studying the make-up of 
materials outside the field of the metals and alloys 
proper. I t  is a rnicrosection of a non-metallic base 
impregnated with a molten metallic compound. 
The value of the material and its future development 
depended largely on the nature of the interaction 
during impregnation. The result might be a single 
new compound, or two new compounds, or simple 
solution, or mere mechanical mixture. Chemical 
analysis proved of little service in this differentiation. 
But the structure is heterogeneous-this eliminates 
the single compound or the solid solution. Further 
microscopic study with selective methods of attack 
served to  identify the constituents and class the 
product as one of mere mechanical impregnation. 

In no field does the microscope become such a useful 
auxiliary as in the examination of the special or alloy 
steels; here its usefulness is rather of the future than 
of the past. It is impossible to  dwell upon this phase 
which is beyond the scope of a paper of this char- 
acter. It is of interest to note, however, the most 
important revelation that, in spite of the multiplicity 
of alloying elements and their various combinations, 
their influence is largely one of degree and that, after 
all, the underlying structural considerations are com- 
mon to all. 

While the greatest amount of work of a more 
scientific nature has been done in the anatomical 
or structure-composition division perhaps the greatest 
utility of the microscope in the works laboratory is 
in the biological division, or that branch correlating 
the structure changes with the treatment received, 
for the properties of metals are most vitally de- 
pendent upon their mechanical working (whether 
cast, forged, or rolled) and the heat treatment. Nicro- 
scopic study, together with determinations with the 
pyrometer, have given us a rational understanding 
of the annealing and the tempering of steels. We 
recognize that the hardening of steels by quenching 
is due to structural influences occasioned by changes 
of the relations of carbon and iron; and we can apply 
this knowledge to advantage in the heat treatment, 
whereby we can manipulate the properties as desired 
by  taking advantage of the ability to check the struc- 
ture a t  any stage between the abnormal one of the 
quenched state and the normal one of the annealed 
steel. 

One point is vital in this connection and may al- 
most be taken as an axiom. The strength of a steel is 
inversely proportional to the grain size, and the 
growth of grain is a result of temperature and time. 

Figs. 21-26 are microsections of a steel casting of 
0 . 5 0  per cent. carbon, and serve to illustrate the 
marked variations of structure, with consequent 
changes of physical properties, resulting from heat 
treatment or mechanical working. Fig. 2 1  is the steel 
as cast, with its rather coarse grain due to  normal 
cooling from the high casting temperature. Fig 2 2  

is the same material after forging, and shows the 
mechanical breaking down of the grain with a resultant 
increase of strength. But an annealing of the forged 
piece a t  the high temperature of 1100' C. has again 
(Fig. 2 3 )  coarsened the grain, nullifying the effects 
of forging and leaving the material in no better physical 
condition than the original casting. A moderate 
temperature of 800' C., however, restores the fine- 
grained structure (Fig. 24) .  Fig. 25 shows the steel 
heated to IOOO' C. and quenched in water, and gives 
the typical martensitic structure of a hardened steel. 
Finally, reheating the material of Fig. 25 to 6 j o o  C., 
and again quenching, results in the sorbitic texture 
(Fig. 26), where the transition from the martensitic 
structure of the hardened steel to the pearlitic struc- 
ture of the slowly cooled state has been practically 
completed, but without chance for segregation of the 
constituents as would be the case if slow annealing 
had been resorted to. This last figure shows the 
finest texture it is possible to obtain in steels, and i t  
results, consequently, in the highest combined strength 
and ductility. 

The considerations treated above are of great im- 
portance in the control of the annealing and tempering 
of steels, and have a bearing on the proper finishing 
temperatures in rolling and forging operations. 

In  Fig. 2 7  we have the well-known Roberts-Austen 
circle, illustrating the marked variations of structure 
resulting from different heat treatments of a piece of 
blister steel of 1.50 per cent. carbon, the original 
structure of which is given in the center. 

Fig. 28 is a section of a steel axle broken by fatigue, 
or continued repetition of stress. The larger grained 
structure is of the material a t  fracture, and the fine 
grain is the result of judicious annealing of the same 
material. Whether or not the coarse crystallization 
is the result of the repetition of stress is problematical, 
It is likely that the original structure in the area of 
fracture was coarse, favoring therefore the early 
failure by fatigue because of the more uniform orienta- 
tion of the crystal cleavages, whereas a fining of the 
grain by judicious treatment would have resulted 
in longer life because of a breaking up of the regularity 
of cleavage directions. 

Figs. 29 and 30 are photomicrographs of a steel 
rail, the former of the original material, with very 
good grain, and the latter after heating to high tem- 
perature. Remembering our axiom regarding the 
correlation of grain size and strength, it is evident 
that the heating has resulted in a marked deteriora- 
tion in quality. These illustrations point out the 
reasons for the wearing down a t  the joints of cast 
welded track, or the weakness of electric welded rail 
or any welds made without subsequent treatment. 
The material shown is not burnt, and the structure of 
Fig. 30 can be changed to one of good quality by 
proper treatment, either by judicious annealing or, 
as is the common practice in welding, by hammering 
or mechanical working of the material. 

Fig. 31 illustrates the effect of punching a piece of 
structural steel. The distortion produced can be 
traced back from the edge of the hole by the curvature 
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of the black pearlitic areas in the direction in which 
the punch was driven through the plate. The depth 
of distortion depends upon the thickness of the plate 
and the size (also the sharpness) of the punch; it can 
easily be measured, and i t  has been found that  for a 
three-fourth inch hole in a three-quarter inch plate, 
about one-tenth inch increase of diameter of hole by 
reaming is necessary to remove all affected material. 

Fig. 32 is a section of a steel casting cut by the 
oxyhydrogen blowpipe. Passing inward from the 
cut edge, we note the burnt or oxidized portion in the 
blurred part immediately adjacent ; next the enlarged 
grain of the overheated but not burnt area; then 
through a graduation of grain size to  the normal 
structure of the interior. This method seems at  first 
sight to have a very detrimental effect, but is in 
reality slight, since measurement shows a depth of 
affected material of only four- or five-hundredths of 
an inch. 

Numerous other instances might be cited of the 
usefulness of the microscope. It has materially 
assisted in the determinatibn of the nature of the 
various zinc coatings for the protection of iron sur- 
faces, and we are trying it out in the study of the 
progression of rusting on metal specimens. 

But it will be necessary to conclude with a comment 
on the probabilities of the future. While the great 
field of application of metallographic study has 
naturally been to  the metals and alloys, there is every 
reason to expect extension of its scope to allied lines, 
such as the examination of complex ores and slags, 
to  ceramic materials and perhaps to  coal and coke. 
In  all of these instances we find good and poor ma- 
terials of identical analysis; the probability is that the 
interrelations of the constituents are different. An 
interesting application along this line has just been 
pointed out in the use of microscopic examination to 
detect iron blast-furnace slags which are suitable, or 
otherwise, as a raw material for Portland cement. 
That vitrification which is essential in the proper slags 
is brought out very neatly. 

Finally we may look to  improvement in the micro- 
scope itself. We are a t  present restricted to the 
study of the heterogeneous structure revealed by  
ordinary reflected light. The petrographer has the 
advantage of being able to use transparent sections 
and polarized light, and in consequence can determine 
the crystal systems of the constituents of the rock 
under examination. When suitable apparatus is 
perfected (it is now being developed) to enable us to 
determine the crystal for.ms of the constituents of an 
opaque specimen by reflected light, then the metallo- 
graphic microscope will have a materially enlarged 
scope of application and utility. 

XORTHERN CHEMICAL ENGINEERING LABORATORIES, 
MADISON, WISCONSIN 

____-_ 
THE SIZING OF PAPER WITH ROSIN COMPOUNDS. 

B Y  J STEWART REMIXGTON. DOUGLAS A. BOWACK AND PERCY DAVIDSON. 
Received April 10, 1911 

The sizing of paper, from the standpoint of the 
chemist, is a problem which is not uncommonly sup- 

posed to be well understood and fully inquired into, 
but the true state of the matter is that there is as yet 
insufficient data available of a nature to determine 
definitely the actual agencies which perform the 
function of sizing paper, in confirmation of which be 
it said that the question has but to be raised to a t  
once introduce a variety of argument and diverse 
opinions. 

Since the publication of Dr. Wurster’s treatise on 
rosin-alum sizing in 1878, our knowledge of chemistry, 
relating to paper-making, has largely increased, and 
it is the object of the authors of the present paper to 
endeavor to summarize the present position of the 
science, by setting out the results of recent exhaustive 
researches, in company with a complete criticism of 
data thereby accumulated, more particularly in con- 
nection with the various points concerning rosin 
sizing, which have long occupied the attention of 
paper-makers, and paper mill chemists generally. 

In  turning to consider the present time work and 
views of leading chemists dealing with the science of 
paper-making, the question which presents itself a t  
the outset is the selection of a fitting subject-material, 
but it is obvious that in a treatise of this description 
the essential contents will imply so much of chemistry 
as is indispensable for the practical investigation, 
particular stress being laid upon the cooperation of 
the practical and theoretical issues, which in the past 
have remained more or less independent one of the 
other. 

In viewing a scheme of this character it becomes 
clear that in the theoretical treatment of the chemical 
processes, which in many ways constitutes the most 
important part of the problem, the chief considera- 
tions are: firstly, the composition and properties of 
the actual sizing agents (i. e . ,  the products of inter- 
action between rosin size and alum and auxiliary 
precipitants) ; secondly, their relationship to cellulose 
itself. 

The present generally accepted theory of sizing 
action assumes that on the addition of alum the 
following reactions take place: 
(a) (Normal action with theoretical alum.) 

3Ka2C44H,20, + A1Z(S04)3 = 
3Na2S04 + Alz(C44Hez05)s- 

Since, however, the quantity used in the mill is much 
greater than this proportion, the excess is supposed 
to decompose the neutral resinate of alumina with 
liberation of the free acid, according to the following 
equation : 
( b )  A1Z(c44H8205)3 + A12(S04)3 + ~ H z O  

Free resin “acid.” 3C4,He40, + A12(A120s)(S04)3. 
Basic sulphate of alumina. 

To proceed, Dr. Wurster, from the results of his 
original experimental work, took exception to  the 
then current view (which it may be remarked has 
till now remained unsettled) that the actual sizing 
agent is a resinate of alumina, formed as above rep- 
resented, and asserted that the free rosin acids were 
the active sizing agents. He drew his conclusions 
from the results he obtained by extracting rosin-sized 


